Objective To analyze whether women who sustain obstetric anal sphincter injury (OASI) 
INTRODUCTION
Pelvic floor disorders are seldom life threatening, but they can impact negatively on the health and quality of life of affected women. Evidence linking pelvic floor disorders with vaginal delivery has mounted up in recent years, but the pathophysiological mechanisms involved are not yet fully understood 1 -3 . It is clear, however, that the two main pelvic floor structures involved are the anal sphincter and the levator ani muscle (LAM) 4 -8 . According to Sultan's classification, obstetric anal sphincter injury (OASI) is defined as the presence of Grade III or IV perineal tears that occur during delivery and affect the anal sphincter 4 . OASI occurs in 2-6% of vaginal deliveries and is the leading cause of postpartum anal incontinence in healthy women. The incidence of mild symptoms of anal incontinence is > 40%, despite primary repair 9, 10 . The LAM is a striated muscle that plays a crucial role in vaginal delivery, and it has to stretch considerably to allow passage of the baby's head. If the muscle reaches a point of maximal stretch, the muscle fibers, especially those in the puborectalis fascicle, are ruptured and injury occurs 11 -13 . Shek and Dietz defined the tearing, or avulsion, of LAM as a defect or discontinuity of muscle fibers from the lateral pelvic wall near to their insertion 13, 14 . According to the literature, both magnetic resonance imaging and three-and four-dimensional (3D/4D) ultrasound studies have found that the incidence of LAM avulsion varies between 15% and 36% in first vaginal deliveries 12 -18 . The incidence differs significantly depending on the type of vaginal delivery. In spontaneous deliveries, the incidence of LAM avulsion is 11-13%, while in forceps deliveries it is as high as 62-66%
19 -22 .
Symptoms of anal sphincter or LAM tear occurring during delivery often manifest as pelvic floor disorder later in life, when it is difficult to determine the mechanisms involved. Furthermore, OASI and LAM avulsion share common risk factors, such as instrumental vaginal delivery, fetal macrosomia and a prolonged second stage of labor. As some of these factors are interrelated, it is difficult to assess their isolated effects 8, 17 . The present study was designed to analyze prospectively the relationship between OASI and LAM avulsion by investigating whether women with OASI in their first vaginal delivery had a higher incidence of LAM avulsion than did women without OASI.
METHODS
This was a prospective, observational cohort study of 80 primiparous women who delivered at our department between 1 September 2011 and 31 July 2013. Our center, a tertiary university hospital with a catchment population of 300 000 inhabitants, delivers about 2000 babies per year. The policy at our center is that spontaneous deliveries are attended by either physicians or midwives, following a common protocol. Instrumental vaginal deliveries are performed only by physicians. OASI is diagnosed by the attending midwife or physician but primary repair is always carried out by a physician, in accordance with established guidelines. The mother can choose the position in which she wants to give birth as long as the perineum is visible to the attendant in order to permit 'hands-on' perineal protection. Mediolateral episiotomy is used only when the attendant considers this necessary.
This prospective study was approved by the Ethics Committee for Clinical Research at the Hospital de la Santa Creu i Sant Pau. All women who met the inclusion criteria and consented to participate were included in the study, and all gave signed informed consent to participate in it. A research physician other than the principal investigator evaluated the inclusion criteria. The inclusion criteria for the OASI group were primiparous women diagnosed with OASI at the time of their first vaginal delivery, with no previous anal incontinence or antecedents of anal or pelvic floor surgery or any condition that could distort pelvic floor muscle anatomy. Each woman in this group was matched with the next primiparous woman who had the same type of vaginal delivery (spontaneous, vacuum, Thierry spatulas or forceps) and a similar newborn birth weight (± 200 g), but who did not sustain OASI during childbirth (control group). Repair of OASI was undertaken following our specific clinical practice guidelines, based on Sultan's recommendations 4 . 4D transperineal ultrasound was performed in all participants 6-12 months after delivery to assess the integrity or avulsion of the LAM. At the time of the ultrasound examination, the principal investigator was blinded to group assignment. All ultrasound images were recorded. The ultrasound examination was performed with the woman in the dorsal lithotomy position using a GE Voluson machine (GE Medical Systems, Zipf, Austria) and following the methods standardized by Dietz 14 . The ultrasound beam was directed cranially to capture an image of the LAM and posteriorly to capture an image of the anal sphincter. The images were obtained at rest and during voluntary contraction of the pelvic floor muscles 21 -27 . To assess the morphology of the LAM, we used the criteria proposed by Dietz 24 (Figure 1 ). Tomographic ultrasound imaging was used to diagnose LAM avulsion, with slices obtained in the axial plane at 2.5-mm intervals, from 5 mm below the plane of minimal hiatal dimensions to 12.5 mm above this plane. LAM avulsion was diagnosed if three central slices (the reference slice and 2.5-mm and 5-mm cranial slices) showed a discontinuity in the fibers of the LAM at the site of its insertion in the os pubis ( Figure 2 ). The 4D transperineal ultrasound was considered positive or negative for each side, and unilateral or bilateral lesions were recorded 14 . We also captured images of the anal sphincter in all women following the technique and diagnostic criteria for sphincter tear proposed by Shek et al. 28 . Two observers, the principal investigator and an expert gynecologist with clinical experience in 4D pelvic floor ultrasound, independently evaluated the ultrasound images and applied the same previously agreed criteria for diagnosing LAM avulsion. The learning procedure comprised 20 teaching cases. Both observers were blinded to all clinical data.
The primary endpoint was to evaluate whether women with OASI had a higher incidence of LAM avulsion, diagnosed using 4D transperineal ultrasound, than did women without OASI 29 . Our secondary endpoints were to evaluate the efficacy of 4D transperineal ultrasound for the diagnosis of LAM avulsion, based on the percentage of volumes that were adequate for analysis and those that were not evaluable, and to analyze the reproducibility of the technique by means of interobserver agreement using the kappa index. For statistical analysis we used only the data of the expert observer.
Statistical analysis
The sample size was determined considering previously published data that found an incidence of LAM avulsion of about 30% for all vaginal deliveries (10-40% depending on the type of vaginal delivery) 7,16,30 -32 and that found that OASI was a risk factor for LAM avulsion 17, 30 . For this calculation, we estimated a difference of 30% in the incidence of LAM avulsion between groups, a 10% rate of missing data, a 5% rate of Type 1 error (alpha = 0.005) and statistical power of 80% (beta = 0.20).
Cohen's kappa was used to evaluate interobserver agreement. We used an anonymous database, excluding any information relating to the identification of the women, for data analysis. In the case of categorical variables, bivariate analysis was performed using contingency tables, which were further analyzed using the chi-square or Fisher's exact test. We applied the Mann-Whitney U-test for ordinal variables and the t-test of independent measurements for quantitative variables, with 95% CIs for relevant variables. In all cases the level of significance used was 5% (α = 0.05) with two-tailed analysis. Statistical analysis was performed using the statistical package IBM-SPSS V 21.0 (IBM Corp., Armonk, NY, USA).
RESULTS
The characteristics of the study population of 80 primiparous women who had a vaginal delivery are summarized in Table 1 , with a comparative bivariate analysis of the women according to the presence or absence of OASI. The incidence of OASI in the overall population of women who had a vaginal delivery at our center during the study period was 64/2454 (2.6% (95% CI, 2.01-3.31%)). Of these, 62 (96.9%) had OASI Grade III and two (3.1%) had OASI Grade IV according to Sultan's classification 4 . 4D transperineal ultrasound images for the evaluation of LAM morphology were obtained in 76 (95%) women. Two ultrasound volumes in the OASI group and two in the control group were excluded from analysis, owing to software problems in three and failure to attend appointments in one. Analyzable images were obtained in 75/76 women, therefore we were able to confirm or rule out LAM avulsion in 93.8% of the total group of women and in 98.7% of women for whom images were obtained; the scan was listed as unsuitable for diagnosis in one case. The incidence of LAM avulsion in the total study population was 22/75 women analyzed (29.3% (95% CI, 19.4-41.0%)). The incidence of LAM avulsion as assessed by 4D ultrasound was 9/37 (24.3%) in women with OASI and 13/38 (34.2%) in women without OASI. This difference was not statistically significant (P = 0.448). The incidence of undiagnosed OASI in the control group was 2.5%; a sphincter defect was identified on one 3D transperineal ultrasound image.
Agreement on LAM avulsion between observers was 89.5%, with a kappa index of 0.76. The proportion of volumes that were not evaluable for diagnosis was 7.9% for the principal investigator and 1.3% for the expert observer (Table 2) .
DISCUSSION
This study was designed specifically to assess prospectively the relationship between OASI and LAM avulsion in Data are given as n (%).
vaginal delivery. The study design was created to control for two important confounding and common risk factors for both complications: birth weight and type of vaginal delivery. We found no significant difference between the incidence of LAM avulsion in women with OASI and those without OASI. These results do not support OASI as a risk factor for LAM avulsion during vaginal delivery. Furthermore, we found a trend towards a lower incidence of LAM avulsion in women with OASI than in those without OASI. These findings contrast with those of previous publications that have suggested that OASI could be a risk factor for LAM avulsion 17, 29 . One of these studies, however, was retrospective and was conducted in women with pelvic floor dysfunction many years after they had given birth 17 and the other was not designed specifically to assess the relationship between OASI and LAM avulsion 29 . It is therefore difficult to decide whether this link was causal or associative in these studies because the two complications share some risk factors 8, 17 . We hypothesize several explanations for our unexpected results. One explanation for the non-statistically significant difference in the results could be that our selection criteria -i.e. type of vaginal delivery and birth weight -are strong risk factors for obstetric trauma during childbirth, and gave us a biased population for OASI and LAM avulsion. Our results thus strengthen the importance of these two risk factors for the occurrence of these two complications during vaginal delivery. Another factor for our non-significant results could be the small sample size.
We propose an explanation for the unexpected tendency of women who had OASI to have a lower incidence of LAM avulsion. As the LAM is located in a deeper anatomical plane than is the anal sphincter, it is subjected to stretch, elongation and potential injury before the anal sphincter, at the moment when the fetal head passes through the pelvis. Anal-sphincter tear, in contrast, usually occurs as a prolongation of a perineal tear in the superficial plane. As the LAM, therefore, is at risk of lesion earlier than is the anal sphincter, if we want to determine a possible link between these two complications, we should perhaps consider the influence of LAM avulsion on OASI rather than vice-versa. According to our hypothesis, a torn LAM might lead to a slight enlargement of the genital hiatus, reducing the risk of high-degree perineal tearing in the superficial plane and thus reducing the risk of a torn sphincter. On the basis of this notion, we hypothesize that this tendency towards a lower incidence of LAM avulsion among women with OASI might be explained by the LAM's having some kind of protective role over the anal sphincter, but further studies are needed to confirm this hypothesis.
Several other findings are worth noting. First, the incidence of OASI (2.6%) in vaginal deliveries in our setting during the study period was within the range reported in the literature (2-6%) 4, 9 . Second, the overall incidence of LAM within our total study population was 29%, also in the range reported in the literature (20-30%) 7, 16 . Third, 4D transperineal ultrasound showed a high capacity to obtain and analyze images and had good diagnostic ability for LAM avulsion. We found that the technique was highly reproducible and the learning curve was steep. We consider that the difference between the two investigators regarding the rate of non-evaluable volumes was due to differences in level of experience.
The main limitation of this study is that the main inclusion criterion, OASI, was evaluated clinically, so we cannot rule out the possibility of undiagnosed or hidden OASI in women in the control group. The incidence of hidden OASI is 2-5% in vaginal deliveries 33 -41 . Adequate training in knowledge of perineal anatomy and digital examination of the perineum after childbirth comprise the cornerstone for the optimal diagnosis of OASI 29 . Our department follows a specifically developed program to manage OASI, consisting of a clinical practice guideline and a training plan for all physicians and midwives attending deliveries. Our incidence of OASI is within the range reported in the literature 9, 10 and, as we always perform a digital examination of the perineum after vaginal delivery, our incidence of undiagnosed OASI is probably low 42 . Moreover, during the 4D transperineal ultrasound imaging, we captured images of the anal sphincter in all women included in this study. We found one case with a sphincter defect in the 3D transperineal ultrasound assessment of the 40 women in the control group. This represents a rate of undiagnosed OASI of 2.5%, coinciding with that reported in the literature.
In conclusion, OASI was not a risk factor for LAM avulsion during vaginal delivery in our cohort. The biomechanical interaction mechanisms in pelvic floor structures involved in vaginal delivery are complex and not fully known. Further studies in larger populations are needed to investigate the complex biomechanical interactions between pelvic floor structures, especially the anal sphincter and the LAM, and to determine the hypothetical link between OASI and LAM avulsion in vaginal delivery.
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